Multilocus enzyme electrophoresis was used to assess genetic relationships between 95 isolates of Listeria monocytogenes, most of which were isolated in Australia and New Zealand from man, animals and food. The isolates were separable into two major genetic divisions; the majority of those from human patients and animals were in division I, and the majority from those foods that were not specifically associated with human listeriosis were in division 11. Isolates in division I were virulent, whereas many isolates from food were probably less virulent and did not pose a large threat to human health. However, isolates from certain foods, particularly pati, were indistinguishable from those causing disease in man, and the consumption of these products represented a clear risk factor for infection. Isolates from infected human patients in Australia and New Zealand belonged to the same clone of serotype 4b that has been responsible for major epidemics in the northern hemisphere. However, a separate clone of serotype 1/2b strains, present in both Australia and New Zealand, was responsible for two major outbreaks that occurred in The source and epidemiological characteristics of the 95 isolates of L. monocytogenes examined are
Introduction
Listeriu monocytoyenes is an ubiquitous soil saprophyte that can survive at low temperatures and resist harsh environmental conditions. It causes listeriosis, a disease of man and animals of low morbidity but high mortality, which may manifest itself as meningoencephalitis, septicaemia, abortion or stillbirth. Listeriosis in man was once rare. However, in the last 10 years, the number of cases reported has risen steadily and several large epidemics have been recorded.'-' In these epidemics, conclusive evidence for foodborne transmission was demonstrated. Foodborne transmission has also been documented in several sporadic cases of the disease."."
Several techniques for subspecific differentiation of L. monocytogenes have been used to study the epidemiology of listeriosis. Serotyping of somatic and flagellar antigens has been widely used. Thirteen different serotypes have been recognised but most isolates are of serotype 1 /2a, 1 /2b or 4b. ' Phage typing has been commonly used but has the disadvantage that not a11 strains are typable? DNA restriction endonuclease analysis has been used for strain differentiation,". If' and recently. multilocus enzyme electrophoresis (MEE) has been shown to be a powerful means of genetically characterising isolates on the basis of the electrophoretic mobilities of their constitutive enzymes.'' *"
In these studies, natural populations of L. rnonocytogenes have been shown to have substantial genetic diversity. Despite this, most epidemics of listeriosis in separate parts of the world have involved only two clones of bacteria, both of serotype 4b. One of them has been isolated frequently from cases of listeriosis in animals, and it is postulated that it has enhanced vir~lence.ll-~~ Listeriosis has occurred sporadically in Australasia. Epidemics of listeriosis have been reported in New Zealand,'"16 and in Western Australia (WA)17 but no predisposing risk factors were identified. In 1990, the number of recorded cases of listeriosis in WA increased. In this outbreak, five stillbirths and six cases of neonatal infection were reported during a 6-month period. In all cases, infection of the fetus followed a self-limiting, flu-like illness in the mother. High-risk foods were examined for listeria and several products were recalled. 18 The purposes of the present study were to determine relationships between isolates from human patients in WA and New Zealand, and between these isolates and those isolated in outbreaks in the northern hemisphere, and to look for possible sources of infection in man in WA by examining isolates from food and animals. shown in tables I and 11. Thirty of the isolates were from clinically diseased animals. Of 34 human isolates, 27 were from cases of perinatal listeriosis. The remainder were from adult patients and were from various sources including blood, CSF, faeces, peritoneal fluid and a cutaneous skin lesion. Seven of the isolates from the cases of perinatal listeriosis together with one isolate from food in the refrigerator of one of of Agriculture. Of 27 WA isolates from food, nine were from cooked chicken, six from comminuted meat product, six from chicken liver patk, one from smoked salmon patk, three from chicken or beef pet food and one both from pork sausage and a meat product of unknown origin. All were isolated during the 1990 WA e p i d e m i~. '~*~~ One environmental sample was from the factory where the pat6 mentioned above was manuthe patients were from New Zealand and were pro-factured (R. Mogyorosy, personal communication). vided by Patricia Short. The remainder of the isolates Two American Type Culture Collection (ATCC) were from WA and were obtained from the WA State reference strains isolated from Mexican-style soft Health Laboratory Services and the WA Department cheese during an epidemic that occurred in Los Angeles County, California in 1984,' and NCTC strain 7973, once proposed as the new type strain for L. nionocytogenes," were included to permit comparison with the results of others.
Serotyping and phage typing
Serotyping and phage typing information was available for the New Zealand isolates (see table I ). Isolates from the WA State Health Laboratory Services were typed as 1/2 with commercially available sera according to the method of Seeliger and Hohne." Of these. isolates 1514, 1527, 36 and 43 were further serotyped by Dr J . McLauchlin of the Central Public Health Laboratory, Colindale Avenue, London as being 1/2b, whereas isolate 27 was 1/2a. ATCC reference strains from the USA were serotype 4b and the NCTC reference strain was serotype 1/2a.
Microbial culture and erzzjnze extraction
Organisms were grown aerobically in Brain Heart Infusion Broth (BHIB, Oxoid CM 225) at 37°C on a rocking platform. Single colonies were first inoculated into 3 ml of BHIB and incubated for 24 h. The cultures were then transferred aseptically to 100 ml of BHIB, incubated for a further 24 h and finally transferred to 1 L of BHIB and incubated for 36 h. Samples were plated on to Columbia agar containing defibrinated sheep blood 5 % and checked for purity after incubation.
Bacteria were harvested by centrifugation at 15 000 g for 20 rnin, resuspended in c. 150 ml of phosphatebuffered saline (pH 7.2) and then centrifuged again at 1 5 000 y for 20 min. The cells were suspended in 2 ml of 10 ITIM Tris-1 mM EDTA-0.5 mM NADP (pH 6.8) on ice and broken up by three 1-min cycles of sonication with a lOOW sonic probe (Labsonic 1510). Gramstained films were examined to confirm adequate cell disruption. After centrifugation at 20000 g for 20 min at 4OC, the supernates were dispensed into microcentrifuge tubes in 150 pl volumes and stored at -70°C.
Multilocus enzyme electrophoresis
The supernates were electrophoresed in horizontal starch 11-4 O/ O gels and the electrophoretic mobilities of the following 18 enzymes were determined by staining for specific enzyme activity, as recommended : 23 alanine dehydrogenase (ALA), leucyl-glycyl-glycine peptidase (LGG), mannose-6-phosphate isomerase (MPI), 6-phosphogluconate dehydrogenase (PGD), N ADP-dependen t glutama te dehydrogenase (GDH), phosphoglucose isomerase (PGI), fumarase (FUM), glucose-6-phosphate dehydrogenase (GPD), phosphoglucomutase (PGM), NAD-dependent glyceraldehyde 3-phosphate dehydrogenase (GP), nucleoside phosphorylase (NP), adenylate kinase (ADK) and superoxide dismutase (SOD) were assayed in buffer A; aldolase (ALD) and isocitrate dehydrogenase (IDH) were assayed in buffer B; a-naphthyl esterases 1 and 2 (ES 1 and 2) and acid phosphatase (ACP) were assayed in buffers D and F respectively.
Analysis
Genetic diversity (h) for each enzyme locus was calculated from the formula h = 1 -Cx,'[n/(nl)], where xi is the number of isolates in the sample, n is the sample size and n / ( n -1) is a correction for bias in small samples. 24 Isolates with identical allele profiles at all loci were recorded as belonging to the same electrophoretic type (ET). Genetic distance between ETs was calculated as the proportion of fixed loci at which dissimilar alleles occurred, with a computer clustering programme (Phentree) based on the TAXAN2 pa~kage.'~ The programme created a phenogram by the Unweighted Pair-Group Method of Arithmetic Averages (UPGMA) clustering fusion strategy for determining Squared Euclidean Distance (SED), which is a convenient measure of dissimilarity On: Fri, 21 Dec 2018 01:53:59 CHARACTERISATION OF L. MONOCYTOGENES ISOLATES 125 in haploid^.^^'^^ SED can be equated with genetic distance between ETs and was used to illustrate genetic relationships within and between clusters.
Results
Twelve of the enzymes analysed were polymorphic for the 95 isolates examined. The other six (ADK, SOD, PGI, NP, ALD and GDH) were monomorphic. All isolates were typable and yielded distinct banding patterns for all the 18 enzyme loci. No null alleles were recorded. The mean number of alleles/locus was 1.83. Genetic diversity (h) was recorded for each enzyme and the mean genetic diversity for all loci (H) was calculated as 0.23 (table 111) . Thirteen distinct allelic profiles were identified and these were divided into two major divisions at a genetic distance of 0.402 (equivalent to fixed allele differences at an average of 7.2 of the 18 loci) (figure). Division I comprised ETs 1-6 and contained 74 (78 O h ) of the isolates. Most were in ETs 1 and 2, which contained 19 and 36 isolates respectively (table I) .
All but one of the 34 isolates from man were located in division I, with 26 belonging to ET 2. Included within this ET were five perinatal isolates from the 1978-80 WA outbreak, 13 serotype 1/2 perinatal isolates from the 1990-91 WA outbreak, and three serotype 1 /2b perinatal isolates from New Zealand. This ET also contained a peritoneal culture isolate from an adult in 199 1, isolates from two faecal cultures from adults in 1990 and isolates from blood cultures from a sporadic case of listeriosis in an adult, and from a neonate, both obtained in 1989. ET 1 contained six isolates from man, including three New Zealand isolates of serotype 4b and three isolates from sporadic cases of listeriosis in Australia. These were cultured from adult CSF in 1980, from a dead neonate in 1977 and from an arm lesion in 1980. The other isolate from New Zealand was from a case of perinatal listeriosis, was of serotype 4c and belonged to ET 6. The final isolate was from a WA adult with meningitis and septicaemia, and was distinct in being of serotype 1/2a and belonging to ET13 in division 11.
Twenty six (87%) of the 30 isolates from diseased animals were located in division I. Ten isolates from various species were in ET 1, two isolates in ET 3 and single isolates in ETs 2 and 4. ET 5 contained two caprine and eight ovine isolates obtained from a region around Albany in WA over an 8-year period. One other ovine WA isolate was also located in this group together with a Victorian isolate from a bovine brain. The other four animal isolates were located in division 11, two being in ET 7 and one each in ETs 11 and 13 (table 11) .
Sixteen isolates from food were located in division I1 and 14 in division I. ET 9 in division I1 contained the most (nine) food isolates and many came from chicken products, including pet food made from chicken meat. Of the six strains from comminuted meat, four were in ET 12, together with an isolate from beef sold as pet food. Isolates from food found in division I were located in three closely related ETs. A New Zealand isolate from food in a patient's refrigerator and the two ATCC reference strains from Mexican-style soft cheese were in ET 1. ET 2 contained eight isolates from food in WA in 1990. Of these, six were from chicken liver pate from a single manufacturing source and the other two were from breakfast sausage and processed chicken. An environmental sample from a mincer at the factory where the pate was manufactured was also in this ET. The remaining three isolates were from cooked chicken and chicken pet food and were in ET 3.
Discussion
Piffaretti et ~1 . '~ and Bibb et a]." recognised the existence of two primary phylogenetic divisions of L. monocytogews. separated in their two studies by genetic distances of 0.54 and 0.44 respectively. ETs in one division contained all the isolates of serotypes 1/2b. 3b, 4a or 4b that were examined, and ETs in the second division contained all their isolates of serotypes 1 /2a or 1 /2c.
In the present study, the 95 isolates of L. monocj.ttigenes were also divided into two distinct divisions (I and 11), separated by a genetic distance of 0.402. Division I contained ETs 1-6 and ETs 7-13 were in division 11. The principal enzymes responsible for this division were GP, FUM, GPD and MPI. The presence of allele 2 for the enzyme GP was exclusive to isolates in division 11, and for the three remaining enzymes a single allele was usually present in division I1 isolates. All the known isolates of serotypes 4b and 1/2b were in division I, suggesting that our division I is analogous to the division I of both PiEdretti el ul." and Bibb et ul.'? Seventy-four isolates were located in this division, including 59 of the 64 isolates from human and animal clinical cases. The 2 1 isolates in division I1 were mainly from food. The fact that a high proportion (92.2 "/o) of strains isolated from clinical cases belonged to division I suggests that organisms located in this division are more likely to be virulent than those in division 11.
With the exception of single isolates in ETs 6 and 13, all isolates from human clinical cases were located in the two closely related ETs, 1 and 2, separated by a genetic distance of 0.09. Our ET 1 , containing the two ATCC strains, was equivalent to ET 1 of Piffaretti et d." and ET 14 of Bibb ei a]." Organisms belonging to this ET have been responsible for several epidemics in man throughout the world, and it has been suggested thar they represent a subtype with enhanced virulence." l 3 Therefore, this bacterial clone is also present in Australia and New Zealand and is not restricted to the northern hemisphere. Although strains in ET 1 have not caused any recorded epidemic disease in Australasia, sporadic infection has been widespread and associated with various manifestations of the ~ disease. Thus, ET 1 organisms appear to have no particular neurotrophic or viscerotrophic preference. Those that were typed in this study were of serotype 4b, but the New Zealand isolates could be divided further by phage typing, suggesting that there were additional phenotypic differences within this clone.
All 11 isolates from cases of perinatal listeriosis in WA during 1990 were in ET 2, which strongly suggests that the epidemic was from a common source. Isolates obtained in 1989 from one adult and two perinatal cases were also from this ET, as were isolates from two perinatal cases and from one non-pregnant adult infection that occurred in WA during 1991. This suggests that there was a continuing source of infection that was still present even after surveillance was initiated by the WA Health Department during 1990. Furthermore, the five isolates from the 1978-80 WA perinatal listeriosis outbreak were also located in ET 2. Representative isolates from both outbreaks were of serotype 1/2b. The results suggest that the same subtype caused both WA listeriosis epidemics. The three isolates of serotype 1/2b from New Zealand cases of perinatal listeriosis were also in ET 2, demonstrating that infection with this bacterial clone is widespread.
The isolate of serotype 1/2a that was located in ET 13 was from a case of meningitis and septicaemia in an immunocompromised person that occurred in WA during the time of the perinatal listeriosis epidemic. Although isolated in WA in 1990, the subtype was distinct, and could be classed as causing a sporadic infection during an epidemic. The single isolate of serotype 4c from New Zealand, in ET 6, can also be classed as causing a sporadic infection, as the remainder of the New Zealand isolates were located in two different ETs. The division of the seven human isolates from New Zealand into three ETs suggests at least three separate sources of infection.
Of the 30 isolates of L. monocytogenes from animals with clinical disease, 26 were in division I. ET 1 isolates infected several different animal species, a feature also observed by 0 t h e~s . l~ ET 5 included 10 isolates from cases of meningoencephalitis in sheep and goats in the south west of WA between 1978 and 1986. This subtype is, therefore, common in this locality, is relatively stable and is virulent for small ruminants, Sixteen of 30 isolates of L. monocytogenes from food were in division 11, and were not associated with animal or human clinical cases. Nine isolates were in E T 9 and most were from various forms of cooked chicken, suggesting that this subtype is commonly carried by this species. Their most likely origin was from carcass contamination with gastrointestinal contents during processing. This may have introduced the organism into the processing environment where subsequent poor hygiene aided its survival and dissemination into the final Four of six isolates from comminuted raw meat were in ET 12, also suggesting a possible common source of contamination for these products. Many isolates from foods were different from those causing most human and animal disease suggesting that widespread contamination of food with L. monocytogenes may not be as significant as was once thought.
The most important isolates from food were those in ETs 1, 2 and 3 in division 1. Only ETs 1 and 2 contained isolates from man, animals and food. Both isolates from Mexican-style soft cheese from the 1984 Californian outbreak were in ET 1, as was isolate 91/688 from contaminated food in the refrigerator of a New Zealand woman who had a stillbirth some time after consuming the food (P. Short, personal communication). An isolate of the same ET, although possessing different phage reactions, was isolated from this case of perinatal listeriosis (9 1 /6 19) . Similarly, eight isolates from foods in WA during the 1990 epidemic were in ET 2, together with the epidemic strain. One of these isolates was from raw barbeque sausage, one from a processed chicken roll, and the remainder were from chicken liver pate from a single manufacturing source. In addition, an environmental isolate from a mincer at the factory where the pate was produced was also in ET 2, together with two isolates of L. monocytogenes cultured from the stools of two patients who had suffered food-poisoning after consuming the same brand of pate. Pate may often be contaminated with L. monocytogenes.2s
Although consumption of contaminated pate was associated with the WA epidemic in 1990, a causal relationship could not be fully substantiated. Firstly, contamination of foods with organisms of ET 2 may be widespread since three different foodstuffs were contaminated with the same organism. Many foods that have been shown to contain the organism, such as processed salads and soft cheeses, were not included in the study, and these foods may represent additional sources of infection. Secondly, although MEE is a highly sensitive strain typing technique, it is not necessarily completely accurate for it does not screen the entire bacterial genome. Nevertheless, the fact that isolates from contaminated pate, the factory environment and food-poisoning cases were all of the same ET is highly suggestive that pate was the vehicle for foodborne transmission. This is substantiated by other epidemiological evidence.ls One patient who was delivered of a stillborn baby had been consuming pate during her pregnancy. L. monocytogenes was also isolated from pate in the refrigerator of a second patient who was delivered of a stillborn baby. Unfortunately, this isolate was not available for inclusion in this study. No case studies were performed on the remainder of the patients to identify likely sources of infection.
This study suggests that consumption of contaminated pate represents a definite risk of infection. It reinforces the need for accurate surveillance of highrisk foods, so as to prevent susceptible consumers from being exposed. Although listeriosis is a rare disease, the high mortality associated with many of the infections outweighs the necessary expense of control measures. Foods contaminated with strains of low virulence do not represent a high risk to community health, but the dissemination of virulent strains such as those from ETs 1 and 2 should remain a matter of community concern.
